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ABSTRACT 
Test  complexity,  changes of t e s t  s p e c i f i c a t i o n s ,  and t h e  demand f o r  t i g h t  
c o n t r o l  of t e s t s  l e d  t o  t h e  development of automated t e s t i n g  used f u r  Ga l i l eo  
and o the r  p r o j e c t s  a t  Honeywell. The u s e  of s tandard ized  i n t e r f a c i n g ,  i b e . ,  
IEEE-488, w i th  desktop computers and test in s t rumen t s , r e su l t ed  i n  g r e a t e r  
r e l i a b i l i t y ,  r e p e a t a b i l i t y ,  and accuracy of both c o n t r o l  and d a t a  r epo r t ing ,  
Increased f l e x i b i l i t y  of t e s t  programming has reduced c o s t s  by pe rmi t t i ng  a 
wide spectrum of t e s t  requirements  a t  one s t a t i o n  r a t h e r  than  many s t a t i o n s 6  
INTRODUCTION 
Throughout t h e  1960's and e a r l y  19701s, b a t t e r y  t e s t i n g  was f r equen t ly  
done wi th  some r a t h e r  b a s i c  equipment, such a s  t h e  VTVM (Vacuum Tube Voltmeter),  
source c u r r e n t  d r iven  r eco rde r s ,  carbon and wire-wound r e s i s t o r s ,  and bulky 
cons tan t  c u r r e n t  power supp l i e s .  P r e c i s i o n  and accuracy were somewhat l i m i t e d  
and o f t e n  c o s t  p r o h i b i t i v e .  
The more complex t e s t  parameters and high accuracy requirements  were 
usua l ly  met wi th  t h e  design and bu i ld  of dedica ted  t e s t  s t a t i o n s .  These custom 
s t a t i o n s  would inc lude  t h e  use  of hybrid c i r c u i t s  composed of vacuum tube,  
t r a n s i s t o r ,  e a r l y  genera t ion  i n t e g r a t e d  c i r c u i t ,  and mechanical des igns ,  sbch as 
cams, r e l a y s ,  and s tepping  switches.  P r o f i l e  d i scharge  t e s t i n g  requi red  t h e  
use  of m u l t i p l e  load elements--constant cu r r en t  supp l i e s ,  r e s i s t o r s ,  e t c ,  The 
r e s u l t i n g  t e s t  s t a t i o n  y ie lded  more a c c u r a t e  d a t a  and improved test r e p e a t a b i l i t y .  
The d isadvantages  t o  such systems were a s  fol lows:  
o  Could be c o s t  p r o h i b i t i v e  except i n  c e r t a i n  product ion a p p l i c a t i o n s  
o Major t e s t  s p e c i f i c a t i o n  changes f r equen t ly  r equ i r ed  major hardware 
changes ( t iming c o n t r o l ,  load p r o f i l e  sequencing, o r  t h e  a d d i t i o n / d e l e t i u h  
of l oads )  
o  Reuse of t e s t  s t a t i o n  subassemblies i s  l i m i t e d  
Rapid advances i n  e l e c t r o n i c s  technology have c r e a t e d  t h e  need t o  have 
more exac t ing  t e s t  techniques.  Mi l i t a ry ,  space, commercial, and bio-medical 
e l e c t r o n i c s  cont inue  t o  demand se l f -conta ined  power sources,  i.e., b a t t e r i e s *  
Consequently, t h e  t e s t i n g  of t h e s e  b a t t e r i e s  must c l o s e l y  approximate t h e  
a p p l i c a t i o n  f o r  which they  a r e  designed. One such a p p l i c a t i o n  is  t h a t  of t h e  
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b a t t e r y  designed f o r  powering t h e  ins t rumenta t ion  contained i n  t h e  J u p i t e r  
probe of t h e  Ga l i l eo  P r o j e c t .  Developing a  s u i t a b l e  t e s t i n g  method became an 
immediate cha l lenge .  
THE MODULAR TEST STATION 
THE LOAD SIMULATOR 
A load  s imula tor  i s  an e l e c t r o n i c  instrument  which i s  designed t o  s imu la t e  
e l e c t r i c a l  l o a d s  t o  test power s u p p l i e s ,  b a t t e r i e s ,  and o the r  s i m i l a r  power 
sources .  Many commercially a v a i l a b l e  u n i t s  can syn thes i ze  t h e  load  parameters  
of bo th  cons t an t  c u r r e n t  and f i x e d  r e s i s t a n c e  which may be v a r i e d  over  a  wide 
range determined by t h e  s p e c i f i c a t i o n  l i m i t s  of each design.  The power i s  
d i s s i p a t e d  by a  bank of  p a r a l l e l  connected power t r a n s i s t o r s .  For cons t an t  
c u r r e n t ,  r e g u l a t i o n  i s  achieved by feedback c i r c u i t s  which sample c u r r e n t .  I n  
t h e  c a s e  of f i x e d  r e s i s t a n c e ,  feedback c i r c u i t s  sample c u r r e n t  and load  vo l t age .  
REMOTE PROGRAMMING 
I n  p r a c t i c e ,  . load s imu la to r s  can be programmed t o  change loads  by means 
of an e x t e r n a l  i npu t  from a  v a r i a b l e  p r e c i s i o n  v o l t a g e  source.  For example, 
a  programming inpu t  of 0-10 Vdc could correspond t o  0-50 Adc o r  5  amps/volt a s  
a  programming s e n s i t i v i t y .  The load s imula tor  can t h u s  be used t o  r e p l a c e  
mu l t i p l e  l oads  i f  programming vo l t ages  and t iming a r e  p rope r ly  sequenced. 
EARLY GALILEO PROFILE TESTING 
A multi-segment (8 independent ou tput  l e v e l s )  func t ion  genera tor  was 
c a l i b r a t e d  t o  d r i v e  t h e  load s imula tor  a t  c u r r e n t  l e v e l s  s i m i l a r  t o  t hose  
shown i n  Table I. With t h e  a i d  of a  c lock ,  t h e  t e s t  ope ra to r  manually sequenced 
p r o f i l e  changes. A second s imula tor  and vo l t age  source was used t o  load  t h e  
pyro bus ( t h e  pyro technic  load  t a p  on t h e  Ga l i l eo  b a t t e r y ) .  
Advantages were a s  fol lows:  
o  Equipment u s u a l l y  r equ i r ed  no ex t ens ive  mod i f i ca t i on  i f  l oad  o r  t iming 
s p e c i f i c a t i o n s  changed. 
o  Equipment could be used on a  l a r g e r  v a r i e t y  of tests (mult i -device) .  
o  The need f o r  custom c o n t r o l  c i r c u i t s  was reduced. 
Disadvantages were a s  fol lows:  
o  Most load changes were done manually. The p ro to type  module d i s cha rge  
t e s t s  r equ i r ed  17  manual load swi tch ing  o p e r a t i o n s  and 42 manual logging  
func t ions .  
o The func t ion  genera tor  was complicated-- instruct ions were a  t r a n s l a t i o n  
t o  Engl i sh  from another  language. 
o  The r i s k  of e r r o r  from set-up and c o n t r o l  was high. 
o  Ins t rumenta t ion  d r i f t  approached to l e rance  l i m i t s .  
ASSESSING THE TEST SITUATION 
The use  of manual c o n t r o l  and t h e  load s imula tor / func t ion  genera tor  t e s t  
set-up presented  problems i n  conducting many d ischarge  tests over  a  per iod  of 
many months. These problems were i d e n t i f i e d  a s  opera tor - re la ted  and set-up o r  
equipment f a i l u r e s .  
THE DESKTOP COMPUTER AND THE IEEE-488 INTERFACE 
SEARCHING FOR A BETTER METHOD 
A f t e r  much cons ide ra t ion ,  Honeywell decided t o  purchase a  desktop computer 
system and ins t rumenta t ion  t h a t  could be c o n t r o l l e d  by t h e  IEEE-488 i n t e r f a c e  bus 
o r  GPIB (General Purpose I n t e r f a c e  Bus). This  s tandard  has  been accepted 
i n t e r n a t i o n a l l y  and many t e s t  instrument  manufacturers o f f e r  t h i s  c a p a b i l i t y  a s  
an opt ion .  
APPLICATION DEVELOPMENT 
The desktop computer system and ins t rumenta t ion  was i n i t i a l l y  used f o r  
d a t a  a c q u i s i t i o n .  The new system c a p a b i l i t i e s  expanded t o  no t  on ly  acqu i r e  
d a t a ,  bu t  a l s o  t o  c o n t r o l  events ,  and by adding a power supply programmer ( a  
p r e c i s i o n  GPIB c o n t r o l l e d  vo l t age  source)  and o t h e r  ins t rumenta t ion ,  we could 
e l imina te  t h e  func t ion  genera tor  and manual con t ro l .  
MOST RECENT IMPROVEMENTS TO TEST CAPABILITIES 
EQUIPMENT 
The Test  Group has r e c e n t l y  added i n t e r f a c e  c a p a b i l i t y  t o  a  prev ious ly  
purchased da ta logger  and increased  t h e  number of a v a i l a b l e  load  s imu la to r s  
g iv ing  a  wide range of cu r r en t  and power handl ing a b i l i t y .  Our most r ecen t  
c a p i t a l  i tem was a  GPIB compatible d i g i t a l  s t o r a g e  scope f o r  record ing  high 
speed, h igh  r e s o l u t i o n  t r a n s i e n t  d a t a ,  and used on t h e  most r ecen t  Lot 4  module 
descent  t e s t  i n  J u l y  1984. 
OTHER APPLICATIONS 
Simi la r  equipment i s  being used i n t e r n a l l y  f o r  low frequency a n a l y s i s  i n  
c e l l  s to rage  s t u d i e s  and dynamic impedance measurements on t h e  same t e s t s .  
V i r t u a l l y  a l l  groups w i t h i n  our  o rgan iza t ion  a r e  us ing  desktop systems and 
s p e c i a l  ins t ruments  o r  p e r i p h e r a l  equipment t o  improve work e f f i c i e n c y  and t o  
he lp  maximize t h e  r e p e a t a b i l i t y  of c e r t a i n  c r i t i c a l  opera t ions .  
IMPACT ON THE GALILEO PROGRAM 
The b e n e f i t s  t o  t h e  Ga l i l eo  Program a r e  a s  fol lows:  
o Tes t ing  personnel  was reduced from 4 t o  2 t o  conduct descent  t e s t s ;  one t o  
observe and one t o  a d j u s t  a chamber t o  fo l low a s p e c i f i e d  temperature 
p r o f i l e  which i s  not  ye t  automated. 
o Manual load  ope ra t ions  were reduced from 1 7  t o  2; main bus connect and pyro 
bus connect.  
o There i s  f l e x i b i l i t y  t o  changing s p e c i f i c a t i o n s .  
o Test  r e l i a b i l i t y  i s  h igh  wi th  no s i g n i f i c a n t  d e v i a t i o n s  i n  e i g h t  major 
t e s t s ;  t e s t  du ra t ion  i s  150 days from background loading  t o  t h e  descent  
p r o f i l e .  
o Methods and equipment c o n t r i b u t e  t o  t i g h t  c o n t r o l  of t e s t  parameters.  
o I n  t h e  Ga l i l eo  c e l l  s t o r a g e  program, we a r e  u s ing  some of t h e  same t e s t  
equipment t o  l o g  vo l t age  and AC impedance on over  1000 c e l l s  each month. 
o The t e s t  equipment and techniques a r e  understood by Honeywell Power Sources 
Center and t h e  customer. 
SUMMARY AND CLOSING STATEMENTS 
Facing t h e  cha l lenge  of t h e  Ga l i l eo  program allowed u s  t h e  oppor tuni ty  
t o  develop a b e t t e r  method which grew ou t  of t h e  concept of modular t e s t i n g  
systems. We maintain f u l l  coverage of environmental chambers through an  alarm 
system and communication by way of a te rmina l  and modem whereby we can 
determine t h e  n a t u r e  of t h e  alarm and t ake  c o r r e c t i v e  ac t ion .  We now use  
u n i n t e r r u p t i b l e  power s u p p l i e s  t o  provide backup t o  computers i n  t h e  event  of 
power outages.  
Table I. DESCENT SEQUENCE-BATTERY LOAD PROFILE 
S t a r t  Time 
-10.115 s e c  
-10.100 s e c  
-10.000 s e c  
0 sec  
+10 sec  
+ 5.53 h r s  
+ 6.24 h r s  
+ 6.25 h r s  
+ 6.32 h r s  
+ 6.40 h r s  
+ 6.48 h r s  
+ 6.56 h r s  
+ 6.64 h r s  
+ 6.72 h r s  
+ 6.80 h r s  
+ 6.88 h r s  
+ 6.96 h r s  
+ 7.04 h r s  
+ 7.06 h r s  
Duration 
* 
15 msec 
* 
100 msec 
10 s e c  
10 sec  
5.527 h r s  
0.72 h r  
35 msec 
0.875 h r  
35 msec 
35 msec 
35 msec 
35 msec 
35 msec 
35 msec 
35 msec 
35 msec 
35 msec 
35 msec 
N / A  
MOD ill MOD 112 MOD #3  
S p e c i f i e d  End of Mission 
Pyro Tap 
* 
Pulse  d u r a t i o n  t o l e r a n c e s  
15 msec 15 t o  35 msec 
100 msec 90 t o  110 msec 
P u l s e s  t o  be overlapped t o  prevent "load gap" 
I n d i c a t e s  load n a p p l i e d  a c r o s s  b a t t e r y  through i s o l a t i o n  d iodes  
(Constant Cur ren t ) .  
(1) Place  75R a c r o s s  b a t t e r y ,  add 600R t o  each module, add 9.8R i n  p a r a l l e l  
t o  600R. Remove r e s i s t a n c e ,  then i n i t i a t e  1.44 Amps. 
(2) Maximum of 1 s e c  OCV between 9.66R and 1.44 Amps. 
NOTE: S p e c i f i c a t i o n  taken from Descent Test  Procedure,  GAL-H-0014. 
